A cell-free extract, prepared from Aspergillus parasiticus ATCC 15517 grown in synthetic medium, was active in converting L'4C]sterigmatocystin into aflatoxin B, in the presence of reduced nicotinamide adenine dinucleotide phos-phate. The activity was demonstrated by the time course of conversion and the linear dependence of the yield of product on enzyme concentrations. Optimum activity was obtained at pH 7.5 to 7.8 at 27 C. The results confirm sterigmatocystin as a biogenetic precursor of aflatoxin B. Techniques were developed for enzymatic studies on aflatoxin biosynthesis. Sterigmatocystin (ST) and aflatoxin B, (AF) ( Fig. 1 ) are hepatocarcinogenic mycotoxins, both containing a bisfuranomethoxybenzene ring, and have long been considered biogenetically related. ST was proposed as an intermediate in several schemes for AF biosynthesis (2, 5, 10). Their precursor-product relationship has been demonstrated by the conversion of ST into AF by the mycelium ofAspergillus parasiticus (6). In this report, we further show that this conversion can be achieved enzymatically, using the cell-free preparations ofthe biosynthetically active mycelium. Raj et al. (9) reported the incorporation of radioactivity from labeled acetate, mevalonate, and leucine into AF by the mitochondrial or reconstituted (mitochondrial plus nuclear) homogenate obtained from A. flavus. However, the radiochemical purity of the AF recovered by them was not rigorously tested. The simple thin-layer chromatography system used by these authors, in our experience, is not capable of completely isolating AF from other radioactive impurities resulting from the incubation. Consequently, the enzyme activity shown as radioactivity incorporated into AF is questionable.
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In 
RESULTS
The time course of the conversion of ST into AF in the reaction mixture containing the cellfree extract is shown in Fig. 2 . The conversion proceeded rapidly with time for a period of 25 to 30 min. After that a decrease in the radioactivity recovered from AF was observed. This decrease in AF in the reaction mixture could either be due to the degradation of the product or its binding to proteins, following the termination of reaction as a result of substrate or cofactor depletion or enzyme inactivation. Similar experiments using boiled cell extract showed no conversion of ST into AF, indicating that the reaction was carried out enzymatically.
Under the same conditions, the conversion of ST into AF was approximately proportional to the extract protein concentration in the reaction mixture, as shown in Fig. 3 activity. It also suggests that the termination of reaction in the time course experiment (Fig. 2) was due to the loss of the enzyme activity rather than other factors.
The pH dependence of the reaction was tested over a range of pH 6.0 to 9.0. A distinct optimum was found between pH 7.5 and 7.8. The rapid decrease of enzyme activity at pH above and below the optimum range is evident in Fig.  4 . Slightly alkaline pH optimum seems to be a general characteristic of the enzymes involved in the biosynthesis of fungal polyketides. For example, Murphy et al. (8) found a pH optimum of 7.5 for the mixed-function oxidase involved in patulin biosynthesis, and a pH of 7.8 was found to be optimum for the biosynthesis of 6-methyl salicylic acid (3).
The activity of the cell-free system was also highly dependent on NADPH. Omission of this cofactor from the incubation mixture or its replacement with NADP resulted in reduction of activity by about 60%. Considering the likely presence of NADPH in the cell-free extract, the residual activity could be attributed to the endogenous cofactor. Thus, one can reasonably conclude that NADPH is required for the activity of the cell-free extract.
DISCUSSION
The enzyme activity involved in the conversion of ST into AF is demonstrated by the time course of reaction, the dependence of yield of conversion on enzyme concentrations, and the lack of reaction if the cell-free preparation was heated. The sensitive dependence of the extract on NADPH for its activity is evidence that the conversion was indeed catalyzed enzymatically rather than by inadvertently unremoved unbroken cells because the latter would not respond to the enzyme cofactor.
The role of NADPH in the present reaction suggests that an oxidation-reduction reaction was involved in the conversion and that the enzyme catalyzing the reaction is most likely an oxygenase. In fact, it has been proposed by several authors (2, 5, 10) that ST is converted into AF through an oxygenative ring cleavage. The enzyme system catalyzing this type of reaction has been very well established in patulin biosynthesis (8) . The presence of enzyme activity in the postmitochondrial fraction of the mycelium is consistent with the prediction of the extramitochondrial synthesis of AF as advanced by Hsieh and Mateles (7) .
The enzymatic conversion of ST into AF thus confirms the biogenetic relationship of these two compounds. Further studies are in progress to characterize these enzyme systems and to convert other precursors into AF. The biochemical techniques developed in this investigation should hopefully facilitate enzymatic studies on aflatoxin biosynthesis and fungal secondary metabolism, which have lagged considerably behind the main stream of experimental biochemistry.
